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Abstract: A chiral total synthesis of (+)-N-methylanisomycin (1a) from L-diethyl tartrate via 15 steps is reported. The
key step in the synthesis was a regio- and stereoselective cyclization of (E)-5-alkenylamine 12a or its (Z)-isomer 12b
by anodic oxidation of their lithium amides to give a substituted pyrmlldlne 20. Thus, a Wittig reaction of 4-O-acetyl-
2,3-0-bis(methoxymethyl)-L-threose (15), derived from L-diethyl tartrate via 6 steps, with 4-methoxyphenylmethylene-
tripheny! lphosphotane gave (E)- and (Z)-(35 45)-5-acetoxy-3 4-bis[(methoxymethyl)oxy]-1-(4-methoxyphenyDpent-1-ene
(16a and 16b) in 78% yield. Hydrolysis of the acetate 16a or 16b followed by a Swern oxidation gave the

ing substitnted 5-(4-methoxyphenyl)pent-4-enal 17a or 17b in 93% yield. A reductive amination of the aldehyde 17a
or 17b with methylamine gave (E)- or (Z)-(25,35)-N-methyl-2,3-bis[(methoxymethyl)oxy]-5-(4-methoxyphenyl)pent-4-
enylamine (12a or 12b) in 88% yield. The anodic cyclization of 8-alkenylamine 12a or 12b gave (2R,35.45)-2-(4-
methoxybenzyl)-3,4-0-bis(methoxymethyl)- 1-methylpyrrolidine (20) in 53% yield. Selective protection of the steric-
dlly less hindered 4-hydroxyl group of vicinal diol 21 followed by acetylation of the resulting monoalcohol 22 and a
final deprotection of the 4-hydroxyl group of the acetate 23 gave (+)-N-methylanisomycin.

The antibiotic (-)-anisomycin (1b),1:2 which exhibited selective and potent action against pathogenic
protozoa and certain strains of fungi,3 was originally isolated from culture filtrates of Streptomyces.4 It has been
used clinically for the treatment of tricomonas vaginitis and amebic dysentry.> The total synthesis of (1)-
anisomycin® and a number of chiral syntheses of (-)- and (+)-anisomycin?"-8 have been reported by several
groups of workers using different approachs. Thus, in these syntheses, the formation of the pyrrolidine ring has
been achieved by an intramolecular nucleophilic displacement of appropriate functions with amine nitrogen,’¢-
7e,78-Ti by an intramolecular nucleophilic addition of amine nitrogen to the carbonyl group,78.7b.7f by an
amidomercuration of unsaturated amide,7j or by a Dieckmann cyclization of aminodiester.62
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We previously reported that pyrrolidine rings can be obtained by anodic oxidation of lithium 8-alkenyl-
amides generated from 3-alkenylamines.® These cyclizations took place in a regio- and stereoselective manner 10
give cis-1-methyl-2,5-disubstituted pyrrolidines in up to 52% yields 9 The anodic cyclization of 5-alkenylamines
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benzyl-1-methylpyrrolidines (66-85% yields).10 As one of the synthetic applications of these anodic cyclizations
we carried out a total synthesis of (+)-N-methylanisomycin (1a). N-Methylanisomycin is expected to possess
some pharmacological activity like codonopsine or codonopsinine isomers.1l We report here on a new chiral
synthesis of (+)-N-methylanisomycin (1a) by the anodic cyclization of 8-alkenylamine as a key step. The
synthesis required 15 steps, including 9 steps of protection and deprotection of the functional groups, and an
overall isolated yield of this synthesis was 14%.

PREPARATION OF 3-ALKENYLAMINE 12a AND 12b
FOR THE ANODIC CYCLIZATION

The 8-alkenylamine 12 required for the synthesis of 1a was prepared after several unsuccessful attempts.
4-0-Benzyl-2,3-0-bis-(methoxymethyl)-L-threose (5), a chiral building block, was prepared according to a -
modified method reported by Kibayashi and colleagucs,7° as outlined in Scheme 1. Thus, the methoxymethyla-
tion of L-diethyl tartrate (2) with dimethoxymethane, followed by reduction with LiA1H4, gave diol 3 in 94%
yield. Monobenzylation of the diol 3 with 1 equiv. of benzyl bromide in the presence of a phase-transfer catalyst
gave monobenzyl ether 4 in 85% yield. A Swern oxidation of 4 gave an aldehyde § in quantitative yield. A
Wittig reaction of § with 4-methoxyphenylmethylenetriphenylphosphorane afforded a 60:40 mixture of (E)- and
(2)-olefins 6 in 25% yield.12 Hydrogenolysis of benzyl ether 6 over Pd/C, however, resulted in hydrogenation
of the carbon-carbon double bond in preference to removing the benzyl group to give the desired alcohol 7. A
reductive amination10:13 of aldehyde 5 with methylamine in the presence of sodium cyanoborohydride gave N-
methylamine 8 in 83% yield. Acetylation of amine 8 and removal of the benzyl group of the resulting N-acetate 9
by hydrogenolysis over Pd/C, followed by a Swern oxidation of the resulting alcohol, gave an aldehyde 10 in
87% yield. A Wittig reaction of 10 with 4-methoxyphenylmethylenetriphenylphosphorane gave olefin 11 in 36%
yield (E :Z=67:33).12 Deacetylation of 11 with a base under various conditions (5% KOH/MeOH, conc
NH3/MeOH, or MeLi/THF), however, failed to give an acceptable yield of methylamine 12.

N-Methylalkenylamines 12a and 12b were finally obtained by the following sequence of the reactions.
Acetylation of monobenzyl ether 4 followed by removing the benzy! group by hydrogenolysis over Pd/C gave the
corresponding alcohol 14 in 92% yield. The yield of alcohol 14 from 2 could be increased up to 96.5% by
carrying out each step without purifying the intermediary products. A Swern oxidation of alcohol 14 gave the
corresponding aldehyde 15. A Wittig reaction of 15 with 4-methoxyphenylmethylenetriphenylphosphorane gave
a 80:20 mixture of (E)- (16a) and (Z)-alkenes (16b) in 78% yield from 14. The Wittig reaction of 15 under
various conditions indicated that highest yield of 16 can be attained when aldehyde 15 is subjected to the reaction
with 2.5 equiv. of (4-methoxybenzyl)triphenylphosphonium bromide in the presence of 2.5 equiv. of sodium
hydride in THF at room temperature for 10 h. The separation of (E)- and (Z)-isomers by column chromatography
gave pure (E)-isomer (16a) and a 77:23 mixture of (Z)- (16b) and (E)-isomers (16a). The (E)- and (Z)-isomers
were successfully separated at the stage of the alcohols obtained by the hydrolysis of 16a and 16b. The
hydrolysis of the mixture of 16a and 16b with KOH in methanol gave a mixture of isomeric alcohols (7), the
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recrystallization of which gave a pure crystalline (E)-alcohol and an oily (Z)-alcohol containing 18% of (E)-
alcohol. Removal of the acetyl group from 16a followed by Swern oxidation gave (£)-y-alkenal (17a) in 93%
yield. Reductive amination!3 of 17a with methylamine then gave (E)-3-alkenylamine 12a for anodic cyclization
in 88% yield. (Z)-Isomer 12b was similarly obtained from (Z)-isomer 16b. The overall isolated yield of 12
from L-diethyl tartrate was 62%.

SYNTHESIS OF (+)-N-METHYLANISOMYCIN BY ANODIC CYCLIZATION OF
6-ALKENYLAMINES 12a AND 12b

We have already reported that the anodic oxidation of lithium amide of N-methyl-5-phenylpent-4-enylamine
gave 2-benzyl-1-methylpyrrolidine in 70% yield.10 We have now found that N-methyl-5-(4-methoxyphenyl)-
pent-4-enylamine (18), as a model compound, similarly gives the corresponding pyrrolidine 19 by anodic oxida-
tion (Scheme 2). Thus, the treatment of 18 with butyllithium at -78 °C followed by anodic oxidation of the result-
ing lithium amide of 18 with a platinum anode and cathode (divided cell) at a constant current of 17.5 mA/em2 in
a 100:1 mixture of THF and HMPA containing 0.25M lithium perchlorate at -10 °C gave the pyrrolidine 19 in

39% yield.
NH = 1) Bull N
CHs . CHy

OCH; OCHg
18 19

Scheme 2

The treatment of (E)-8-alkenylamine 12a with butyllithium at -78 °C, followed by anodic oxidation of the
resulting lithium amide under the same conditions as those of 18, gave the pyrrolidine 20 as a single sterecisomer
in 53% yield (Scheme 3). The observed high stereoselectivity giving 20 in this electrochemical cyclization might
be attributable to the absorption of the radical species on their unhindered face by the electrode surface.l4 A
similar anodic oxidation of the lithium amide of (Z)-isomer 12b also gave the pyrrolidine 20, which was identical
to that obtained from (E)-isomer 12a.

Recently we have reported the new anionic cyclization of 8-alkenylamines catalyzed with butyllithium to
give cis-2,5-disubstituted pyrrolidines stereoselectively.15 However, we have confirmed that the present cycliza-
tions of 18 and 12a to afford 19 and 20,respectively, could not occur in the presence of butyllithium alone.

The 1H NMR spectrum of 20 indicated a multiplet signal at §2.43, a double-doublet signal at 32.56, and
three doublet signals at 83.09, 3.84, and 3.98, which are assignable to the 2, 5B, 5a, 4B, and 30 protons,
respectively. The coupling constants between the 2a., 3o protons and the 4B, 5B protons are 4.4 and 4.9 Hz,
respectively, while virtually no couplings between the 3o, 4p protons and the 48, 5o protons were observed.
When the signal at 52.43 due to the 2¢ proton was irradiated, an NOE enhancement was observed in the signal at
53.98 due to the 3a proton. These results indicated that the protons attached to the 2 and 3 positions of
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pyrrolidine 20 are cis oriented. The stereochemistry assigned for pyrrolidine 20 was further confirmed by an
analysis of 1H NMR spectrum of 3-acetoxy-2-(4-methoxybenzyl)-1-methyl-4-[(tert-butyldimethylsilyl)oxy}-
pyrrolidine (23), obtained as described below. An NOE enhancement was also observed between the signals of
the 2a, 3o protons and the 4P, 5B protons. Details concetning the analysis results are described in the
Experimental.

Removal of the methoxymethyl groups of 20 with hydrochloric acid in methanol gave vicinal diol 21 in
82% yield. The treatment of 21 with terr-butyldimethylsilyl chloride and imidazole according to a procedure by
Kibayashi’¢ gave, selectively, monosilyl ether 22 in 85% yield. Acetylation of the 3B-hydroxy group of 22 with
acetic anhydride and triethylamine, followed by a treatment of the resulting acetate 23 with tetrabutylammonium
fluoride in THF, gave (+)-N-methylanisomycin (1a) in 77% yield.

EXPERIMENTAL

The 1H NMR spectra were measured in CDCI3 with a JEOL EX-400 spectrometer (400 MHz), using
tetramethylsilane as an internal standard. The IR spectra were measured with a JASCO IR-810 spectrometer.
The mass spectra were measured with a JEOL JMS-D300 mass spectrometer. Optical rotations were measured in
a 10 mm-microcell with a JASCO DIP-360. Merck silica gel 60 PF254 and Merck silica gel 60 were used for
TLC and column chromatography, respectively.

$-Benzyloxy-3,4-bis[(methoxymethyl)oxy]-1-(4-methoxyphenyl)pent-1-ene (6). To a stir-
red suspension of (4-methoxybenzyl)triphenylphosphonium bromide (0.19 g, 0.4 mmol) in dry THF (6 mL) was
added butyllithium (1.6 M solution in hexane, 0.48 mmol) at 0 °C; the mixture was stirred for 30 min. A solution
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of 4-O-benzyl-2,3-O-bis(methoxymethyl)-L-threose 57¢ (0.13 g, 0.48 mmal) in dry THF (4 mL) was added
dropwise to the solution of the ylide; the solution was stirred at room temperature for 2 h. After the reaction mix-
ture was dissolved in diethyl ether (50 mL), the solution was quenched with H20 (10-mL). The organic phase
was washed wnh HO (5 ml.x3) and saturated NaCl (ﬁ mL ) and then dried over Na28Q4. Filtration and evano-
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ration of the solvent followed by TLC (CHCl3/hexane=9/1) gave 6 (48.4 mg, 25 %)12: IR (neat) 1648, 1607,
1511, 1030, 918, 738, 698 cm-1; 1H NMR §3.37 and 3.39 (each s, 6H, (2)), 3.38 and 3.40 (each s, 6H, (E)),
3.77 (s, 3H, (Z)), 3.80 (s, 3H, (E)), 3.6-4.0 (m, 3H), 4.4-4.9 (m, TH), 5.59 (dd, 1H, (2)), 6.01 (dd, 1H,
J=1.1, 16.1 Hz, (E)), 6.58 (d, 1H, J=16.1 Hz, (E)), 6.79 (d, 1H, J=9.2 Hz, (Z)), 6.85 (d, 2H, J=8.8 Hz),
7.31 (m, 7TH); FDMS m/z (rel intensity) 402 (100).

N-Acetyl-N-methyl-4-benzyloxy-3,4-bis[(methoxymethyl)oxy]butylamine (9). To a
solution of methylamine hydrochloride (0.27 g, 4 mmol) in MeOH (6 mL) was added 4-O-benzyl-2,3-O-bis-
(methoxymethyl)-L-threose (5)7¢ (0.23 g, 0.8 mmol) in MeOH (4 mL) and then sodium cyanoborohydride (83
mg, 1.3 mmol). The mixture was stirred overnight at room temperature. After evaporation of the solvent, the
residue was dissolved in diethyl ether (50 mL) and the ethereal solution was treated with 5% NaOH (5 mL). The
organic phase was separated and the aqueous solution was extracted with diethyl ether (5 mL x3). The combined
extracts were dried over Na2SO4. Filtration and evaporation of the solvent gave N-methyl-4-benzyloxy-3,4-
bis{(methoxymethyl)oxy]butylamine (8) (0.21 g, 84%).

To dry triethylamine (10 mL) was added 8 (0.19 g, 0.6 mmol) and acetic anhydride (1 mL, 10 mmol); the
mixture was then stirred for 8 h at room temperature. After evaporation of triethylamine and acetic anhydride, the
residue was dissolved in diethyl ether (50 mL). The ethereal solution was washed with H2O (5 mLx3) and satu-
rated NaCl (5 mL), and then dried over Na2SO4. Filtration and evaporation of the solvent followed by TLC
(CHCl3/hexane=2/1) gave 9 (95 mg, 58%): IR (neat) 3452, 1647, 1028, 918, 742, 700 cm-1; IH NMR §2.07
and 2.13 (each s, 3H), 2.94 and 3.07 (each s, 3H), 3.31 and 3.34 (each s, 3H), 3.40 (s, 3H), 3.55-3.72 (m,
4H), 3.82 (m, 1H), 3.95-4.15 (m, 1H), 4.53-4.82 (m, 6H), 7.33 (m, SH); MS m/z (rel intensity) 356 (M++1,
0.6), 355 (M, 0.4), 207 (21), 172 (24), 160 (51), 99 (29), 91 (100), 86 (79), 45 (94). HRMS calcd for
C18H29NOg: m/z 355.1995. Found: m/z 355.1980.

Compounds 10 and 11. Hydrogenolysis of 9 (0.5 g, 1.4 mmol) over 10% Pd/C followed by Swern
oxidation gave 4-(N-acetyl-N-methyl)amino-2,3-bis[(methoxymethyl)oxy]butanal (10) (0.17 g, 47%).

A Wittig reaction of 10 (0.17 g, 0.65 mmol) with 4-methoxyphenylmethylenetriphenylphosphorane (0.6
mmol) gave 11 (£:Z=67:33) in 36% yield.12 Hydrolysis of 11 with 5% KOH/MeOH gave 12a and 12b in
30% yield. The preparation of 12 through intermediates 5, 8, 9, 10 and11 was not carried out further because
of the poor yield of 12.

1-0-Acetyl-4-0-benzyl-2,3-0-bis(methoxymethyl)-L-threitol (13). A mixture of 4-O-benzyl-
2,3-0-bis(methoxymethyl)-L-threitol @7e (182 g, 61 mmol), dry triethylamine (100 mL), and acetic anhydride
(10 mL) was stirred at room temperature for 8 h. After tricthylamine and acetic anhydride were evaporated, the
residue was dissolved in diethyl ether (200 mL). The ethereal solution was washed with water (10 mLx3) and a
saturated NaCl solution, and then dried over Na2SO4. Filtration and evaporation of the solvent followed by
column chromatography (hexane/EtOAc= 4/1) gave 13 (20.3 g, 98%) as an oil: [a]24D -14,3° (¢c=1.0, MeOH);
IR (neat) 1744, 1238, 1106, 1029, 918 cm-1; 1H NMR 82.06 (s, 3H), 3.38 (s, 6H), 3.61 (dd, 1H, J=5.6, 10.0
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Hz), 3.68 (dd, 1H, J=5.0, 10.0 Hz), 3.92 (m, 1H), 4.01 (m, 1H), 4.18 (dd, 1H, J=6.2, 11.5 Hz), 4.31 (dd,
1H, J=4.6, 11.5 Hz), 4.54 (s, 2H), 4.69 (d, 2H, J=7.1 Hz), 4.72 (d, 1H, J=6.8 Hz), 4.79 (d, 1H, J=6.8 Hz);
FDMS m/z (rel intensity) 341 (M*, 55), 297 (100), 147 (8), 91 (7).

1-0-Acetyl-2,3-0-bis(methoxymethyl)-L-threitol (14). Threitol 13 (20 g, 581 mmol) was
hydrogenated over 5% Pd/C (10 g) at 1 atm of hydrogen in ethyl acetate (500 mL) for 1 h. Filtration over Celite
and then evaporation of the solvent gave 14 (13.8 g, 94%): [a]24p -22.9° (c=1.0, MeOH); IR (neat) 3468,
1741, 1241, 1021, 918 em-1; IH NMR 82.08 (s, 3H), 3.01 (bs, 1H), 3.42 (s, 3H), 3.44 (s, 3H), 3.7-3.8 (m,
3H), 3.98 (m, 1H), 4.18 (dd, 1H, J=6.6, 11.6 Hz), 4.31 (d, 1H, J=4.6, 11.6 Hz), 4.69 (d, 1H, J=6.8 Hz),
4.70 (d, 1H, J=6.8 Hz), 4.75 (d, 1H, J=6.8 Hz), 4.77 (d, 1H, /=6.8 Hz); FDMS m/z (rel intensity) 253 (M+,
100), 221 (37), 177 (15), 147 (20), 103 (17), 45 (76).

4-0-Acetyl-2,3-0-bis(methoxymethyl)-L-threose (15). To a stirred and cooled (-78 °C) solution
of oxalyl chloride (10.2 g, 80 mmol) in CH2Cl2 (140 mL) was added dropwise a solution of DMSO (12.5 g, 160
mmol) in CH2Clg (10 mL); the mixture was stirred at -78 °C for 15 min. To this mixture was added dropwise a
solution of 14 (10.1 g, 40 mmol) in CH2CI2 (50 mL). After 1 h of stirring at -78 °C, triethylamine (48.5 g, 240
mmol) was added and the reaction mixture was stirred for an additional 15 min. The mixture was then allowed to
warm to room temperature before adding 10% aqueous sodium acetate (40 mL). The organic phase was separated
and the aqueous phase was extracted with CH2Cl2 (10 mLx3); the combined extracts were dried over Na2SO4.
Filtration followed by evaporation of the solvent gave pure 15 (9.9 g, 100%): [a]24D -2.0° (c=1.0, MeOH); IR
(neat) 1742, 1240, 1031, 919 cm-1; 1H NMR 82.08 (s, 3H), 3.36 (s, 3H), 3.44 (s, 3H), 4.15 (dd, 1H, J=1.0,
3.4 Hz), 4.24 (m, 1H), 4.29 (m, 2H), 4.65 (d, 1H, J=6.8 Hz), 4.73 (d, 1H, J=6.8 Hz), 4.75 (d, 1H, J=6.8
Hz), 4.82 (d, 1H, J=6.8 Hz), 9.77 (d, 1H, J=1.0 Hz); FDMS m/z (rel intensity) 251 (M*, 100), 221 (88), 147
(23), 103 (22), 45 (84).

(E)-(SS,4S)-5-Acetoxy-3,4-bis[(methoxymethyl)oxy]-1-(4-m}ethoxyphenyl)pent-1-ene
(16a). To a stirred suspension of (4-methoxybenzyl)triphenylphosphonium bromide (55.1 g, 0.12 mol) in dry
THF (400 mL) was added sodium hydride (4.76 g, 0.12 mol); the mixture was then stirred overnight at room
temperature. After a solution of 15 (9.9 g, 40 mmol) in dry THF (100 mL) was added dropwise to a solution of
the ylide; it was stirred at room temperature for 2 h. The reaction mixture was dissolved in diethyl ether (500
mL), and then quenched with a saturated solution of NH4Cl at 0 °C. The organic phase was washed with water
(20 mLx3) and saturated NaCl solution (20 mL), and then dried over Na3SO4. Filtration and evaporation of the
solvent followed by column chromatography (diethyl ether) gave a 82:18 mixture of (E)- (16a) and (Z)- (35,
45)-5-acetoxy-3,4-bis[(methoxymethyl)oxy]-1-(4-methoxyphenyl)pent-1-ene (16b) (11.0 g, 78%). Further
separation by column chrbmatography (hexane/EtOAc=10/1) gave pure 16a: IR (neat) 1742, 1653, 1608, 1514,
1253, 1030, 976, 919 cm~1; IH NMR 82.07 (s, 3H), 3.39 (s, 3H), 3.41 (s, 3H), 3.82 (s, 3H), 3.93 (m, 1H),
4.17 (dd, 1H, J=6.4, 11.7 Hz), 4.35 (dd, 1H, J=4.4, 11.7 Hz), 4.36 (dd, 1H, J=4.4, 7.6 Hz), 4.60 (d, 1H,
J=6.8 Hz), 4.77 (d, 1H, J=6.8 Hz), 4.78 (s, 2H), 6.00 (dd, 1H, J=7.6, 15.6 Hz), 6.59 (4, 1H, J=15.6 Hz),
6.85 (d, 2H, J=8.8Hz), 7.32 (d, 2H, J=8.8 Hz); MS m/z (rel internsity) 354 (M, 1), 207 (64), 147 (25), 45
(100). HRMS calcd for C18H2607: m/z 354.1678. Found: m/z 354.1699.
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(Z)-(35,45)-5-Acetoxy-3,4-bis[(methoxymethyl)oxy]-1-(4-methoxyphenyl)pent-1-ene
(16b). Separation of 16a and 16b by column chromatography (hexane/EtOAc=10/1) gave 70% pure 16b: IR
(neat) 1743, 1638, 1609, 1513, 1252, 1030, 919 cm"1; IH NMR 81.93 (s, 3H), 3.34 (s, 3H), 3.39 (s, 3H),

2 Q1 fa 2ALIY [e %] A 10 ra3 £ TI- an /33 117 T¥_\ A EQ r3 1LY
3.81 \S, o), 393 \ul, lﬂ}, 4.10 Uu, lﬂ J—J 0, 11.5 ru.), 4.30 wa, 1n, vy =4, 0, 11.5 nzj, 4.0 \4a, in,

J=6.8 Hz), 4.71 (4, 1H, J=6.8 Hz), 4.74 (d, 1H, J=6.8 Hz), 4.75 (d, 1H, J=6.8 Hz), 4.87 (dd, 1H, J=4.9,
10.2 Hz), 5.53 (dd, 1H, J=10.2, 12.0 Hz), 6.68 (4, 1H, J=12.0 Hz), 6.86 (d, 2H, J=8.8 Hz), 7.27 (d, 2H,
J=8.8 Hz); MS m/z (rel intensity) 354 (M*, 0.7), 207 (61), 147 (30), 45 (100). HRMS calcd for C18H2607:
mjz 354.1678. Found: m/z 354.1665.

(25,35)-2,3-Bis[(methoxymethyl)oxy]-5-(4-methoxyphenyl)pent-4-enal (17a and 17b).
To a solution of 16a (2.0 g, 5.6 mmol) in MeOH (20 mL) was added 10% KOH/MeOH (60 mL); the mixture
was then stirred at room temperature for 1 h. After evaporation of the solvent, the residue was dissolved in di-
ethyl ether (100 mL). The ethereal solution was washed with H20O (5 mLx3) and saturated NaCl (5 mLx3), and
then dried over Na2SO4. Filtration and evaporation of the solvent followed by recrystallization from hexane/
CHCI3 gave (E)-(2S,35)-2,3-bis[(methoxymethyl)oxy]-5-(4-methoxyphenyl)pent-4-enol ((E)-7): mp 77.8-78.6
°C; [0} 24D +63.8° (c=1.0, MeOH); IR (Nujol) 3358, 3272, 1606, 1511, 1244, 1034, 970 cm-1; LH NMR §2.90
(bs, 1H), 3.41 (s, 3H), 3.45 (s, 3H), 3.7-3.8 (m, 3H), 3.81 (s, 3H), 4.35 (dd, 1H, J=4.4, 7.8 Hz), 4.59 (d,
1H, J=6.4 Hz), 4.76 (d, 1H, J=6.4 Hz), 4.77 (d, 1H, J=6.8 Hz), 4.82 (d, 1H, J=6.8 Hz), 6.00 (dd, 1H,
J=1.8, 15.6 Hz), 6.58 (d, 1H, J=15.6 Hz), 6.86 (d, 2H, J=8.8 Hz), 7.33 (d, 2H, /=8.8 Hz); MS m/z (rel
intensity) 312 (M*, 1.5), 207 (65), 147 (24), 45 (100). HRMS caled for C16H2406: m/z 312.1573. Found:
mfz 312.1547,

Evaporation of the solvent from the mother liquor obtained in the recrystallization of the (E)-pent-4-enol
gave (Z)-(25,35)-2,3-bis[(methoxymethyl)oxy]-5-(4-methoxyphenyl)pent-4-enol ((Z)-7) as an oil (Z:E=71: 29):
IR (neat) 3462, 1608, 1513, 1252, 1030, 918 cm-1; IH NMR §2.92 (bs, 1H), 3.32 (s, 3H), 3.44 (s, 3H), 3.7-
3.8 (m, 3H), 3.81 (s, 3H), 4.55 (d, 1H, J= 6.8 Hz), 4.63 (d, 1H, /=6.8 Hz), 4.75 (d, 1H, J=6.8 Hz), 4.79 (d,
1H, J= 6.8 Hz), 4.77-4.83 (m, 1H), 5.56 (dd, 1H, J=10.2, 12.2 Hz), 6.69 (d, 1H, J= 12.2 Hz), 6.87 (d, 2H,
J=8.8 Hz), 7.24 (4, 2H, J=8.8 Hz); MS m/z (rel intensity) 312 (M, 0.1), 207 (46), 147 (24), 45 (100). HRMS
calcd for C16H2406: m/z 312.1573. Found: m/z 312.1548.

A solution of DMSO (1.0 g, 12.8 mmol) in CH2CI2 (10 mL) was added dropwise to a stirred and cooled
(-78 °C) solution of oxalyl chloride (0.81 g, 6.4 mmol) in CH2C13 (40 mL); the mixture was then stirred at -78 °C
for an additional 15 min. To the reaction mixture was added dropwise a solution of (E)-alkenol 7 (1.0 g, 3.2
mmol) in CH2CI2 (20 mL) at -78 °C; the mixture was stirred for 1 h. Triethylamine (1.94 g, 19.2 mmol) was
added to the reaction mixture at -78 °C and it was stirred for 15 min. After the mixture was allowed to warm to
room temperature, 10% aqueous sodium acetate (10 mL) was added. The organic phase was separated and the
aqueous phase was extracted with CH2C12 (5 mLx3); the combined extracts were then dried over Na2S04.
Filtration and evaporation of the solvent gave pure (E)-(25,35)-2,3-bis[(methoxymethyl)oxy]-5-(4-methoxy-
phenyl)pent-4-enal (17a) (993 mg, 100%): IR (neat) 1734, 1677, 1608, 1513, 1252, 1026, 919 cm™1; TH NMR
83.33 (s, 3H), 3.44 (s, 3H), 3.81 (s, 3H), 4.07 (dd, 1H, J=1.5, 2.9 Hz), 4.54 (d, 1H, /=6.8 Hz), 4.68 (dd,
1H, J= 2.9, 8.3 Hz), 4.76 (d, 1H, J=6.8 Hz), 4.78 (d, 1H, J=6.8 Hz), 4.84 (d, 1H, J= 6.8 Hz), 6.09 (dd, 1H,
J=8.3, 16.1 Hz), 6.65 (d, 1H, J=16.1 Hz), 6.87 (d, 2H, J=8.8 Hz), 7.34 (d, 2H, J=8.8 Hz), 9.80 (d, 1H,
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J=1.5 Hz); MS m/z (rel intensity) 310 M+, 0.1) 217 (3), 207 (50), 147 (17), 45 (100). HRMS calcd for
C16H2206: m/z 310.1416. Found: m/z 310.1420.

(Z)-Alkenol 7 was oxidized in the same way as that of the (E)-isomer, as described above, to give (Z)-
(25,35)-2,3-bis[(methoxymethyl)oxy]-5-(4-methoxyphenyl)pent-4-enal (17b) : IR (neat) 1735, 1682, 1608,
1512, 1254, 1030, 919 cm-1; 1H NMR 83.26 (s, 3H), 3.44 (s, 3H), 3.82 (s, 3H), 4.10 (dd, 1H, J=1.5, 3.3
Hz), 4.51 (d, 1H, J=6.8 Hz), 4.67 (d, 1H, J=6.8 Hz), 4.77 (d, 1H, J=6.8 Hz), 4.82 (d, 1H, J=6.8 Hz), 5.14
(dd, 1H, J=3.3, 9.6 Hz), 5.66 (dd, 1H, J=9.6, 12.0 Hz), 6.72 (d, 1H, J=12.0 Hz), 6.89 (d, 1H, J=8.8 Hz),
7.2 (d, 1H, J=8.8 Hz), 9.76 (d, 1H, J=1.5 Hz); MS m/z (rel intensity) 310 (M*, 0.1), 248 (2), 207 (46), 147
(24), 45 (100). HRMS calcd for C16H2206: m/z 310.1417. Found: m/z 310. 1408.

(E)-(25,38)-N-Methyl-2,3-bis[(methoxymethyl)oxy]-5-(4-methoxyphenyl)pent-4-enyl-
amine (12a). To a saturated solution of methylamine hydrochloride in MeOH (30 mL) was added 17a (466
mg, 1.5 mmol) under a nitrogen atmosphere. After 1h of stirring, sodium cyanoborohydride (161 mg, 2.5
mmol) was added to the mixture; the solution was stirred overnight at room temperature. After evaporation of the
solvent, the residue was dissolved in diethyl ether (50 mL) and the ethereal solution was treated with 4N-NaOH
(10 mL). The organic phase was separated and the aqueous phase was extracted with diethyl ether. The combined
extracts were condensed and the residual ethereal solution (10 mL) was made acidic (pH <2) with dil HCl at 0 °C.
After removing the impurities with diethyl ether (2 mLx3), the aqueous phase was made basic (pH >9) with
KOH. The solution was saturated with NaCl and extracted with diethy] ether (5 mLx5); the combined extracts
were then dried over Na2SO4. Filtration and evaporation of the solvent gave pure 12a (488 mg, 88%) as a pale
yellow oil: [0]24p +31.0° (c=1.0, MeOH); IR (neat) 3338, 1650, 1609, 1513, 1252, 1032, 918, 788 cm1; 1H
NMR 381.68 (bs, 1H), 2.45 (s, 3H), 2.73 (dd, 1H, J=7.3, 12.2 Hz), 2.81 (dd, 1H, J=4.4, 12.2 Hz), 3.40 (s,
3H), 3.41 (s, 3H), 3.7-3.9 (m, 1H), 3.81 (s, 3H), 4.37 (m, 1H, J=4.4, 5.4, 7.3 Hz), 4.60 (d, 1H, J=6.8 Hz),
4.76 (d, 1H, J=6.8 Hz), 4.78 (d, 1H, J=6.8 Hz), 4.81 (d, 1H, J=6.8 Hz), 6.00 (dd, 1H, J=7.8, 16.1 Hz), 6.58
(d, 1H, J=16.1 Hz), 6.86 (d, 2H, J=8.8 Hz), 7.33 (d, 2H, J=8.8 Hz); MS m/z (rel intensity) 325 (M*, 12), 280
(8), 220 (19), 207 (37), 175 (22), 161 (20), 147 (33), 45 (100). HRMS calcd for C17H27NO5: m/z 325.1889.
Found: m/z 325.1892.

(2)-(25,35)-N-Methyl-2,3-bis[(methoxymethyl)oxy]-5-(4-methoxyphenyl)pent-4-enyl-
amine (12b). Treatment of (Z)-pent-4-enal 17b with methylamine hydrochloride and sodium cyanoboro-
hydride in the same manner as that of 17a gave 12b: [a]24]) +14.7° (¢=1.0, MeOH); IR (neat) 3340, 1648,
1608, 1512, 1252, 1031, 918, 844, 788 cm-1; IH NMR 51.85 (bs, 1H), 2.43 (s, 3H), 2.40-2.48 (m, 1H), 2.74
(dd, 1H, J=7.3, 12.5 Hz), 2.84 (dd, 1H, J=4.4, 12.5 Hz), 3.32 (s, 3H), 3.38 (s, 3H), 3.80 (s, 3H), 3.78-3.84
(m, 1H), 4.55 (d, 1H, J=6.6 Hz), 4.66 (d, 1H, J=6.6 Hz), 4.72 (d, 1H, J=6.6 Hz), 4.75 (d, 1H, J=6.6 Hz),
5.53 (dd, 1H, J=9.9, 12.0 Hz), 6.68 (d, 1H, J= 12.0 Hz), 6.87 (d, 2H, J=8.8 Hz), 7.28 (d, 2H, J=8.8 H2);
MS mi/z (rel intensity) 325 (M, 5), 280 (6), 220 (15), 207 (32), 175 (20), 161 (17), 147 (31), 45 (100).
HRMS calcd for C17H27NO5: m/z 325.1889. Found: m/z 325.1892. '

Preparation of (E)-N-Methyl-5-(4-methoxyphenyl)pent-d4-enylamine (18). To a mixture of
1,4-butanediol (10.8 g, 0.12 mol) and dihydropyran (10.1 g, 0.12 mol) in THF (20 mL)/CH2Cl2 (200 mL) was
added a catalytic amount of p-toluenesulfonic acid (2.28 g, 12 mmol) at -10 °C; the mixture was stirred for 1 h.
The mixture was dissolved in diethyl ether (250 mL). The ethereal solution was washed with water (20 mLx3)
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and saturated NaCl solution (20 mL), and then dried over Na2SO4. Filtration and evaporation of the solvent
followed by distillation gave 4-(2-tetrahydropyranyl)oxybutan-1-ol (19.0 g, 91%): bp 98-101 °C (0.45 mmHg);
IR (neat) 3390, 1024 cm~1; MS m/z (rel intensity) 174 (M+, 0.3), 101 (21), 85 (100), 73 (95). HRMS calcd for
CoH1803: m/z 174.1256. Found: m/z 174.1285. '

A solution of DMSO (0.55 g, 7.0 mmol) in CH2Cl2 (5 mL) was added dropwisc to a stirred and cooled
(-78 °C) solution of oxalyl chloride (0.45 g, 3.5 mmol) in CH2Cl? (15 mL); the mixture was then stirred for 15
min. To this mixture was added dropwise a solution of 4-(2-tetrahydropyranyl)oxybutan-1-ol (307 mg, 1.76
mmol) in CH2CI7 (10 mL) at -78 °C; the mixtwure was stirred for an additional 1 h. After triethylamine (1.07 g,
10.6 mmol) was added to the mixture at -78 °C, it was stirred for 15 min. The mixture was then allowed to warm
to room temperature before treating it with a 10% aqueous solution of sodium acetate (10 mL). The organic
phase was separated and the aqueous phase was extracted with CH2Cl2 (5 mLx3). The combined extracts were
dried over Na2SO4. Filtration and evaporation of the solvent gave an almost pure 4-(2-tetrahydropyranyljoxy-
butanal (303 mg, 100%): IR (neat) 1726, 1034 cm-1; 1H NMR 51.4-1.6 (m, 4H), 1.6-1.8 (m, 2H), 1.95 (m,
2H), 2.55 (m, 2H), 3.42 (dt, 1H), 3.50 (m, 1H), 3.78 (dt, 1H), 3.84 (m, 1H), 4.57 (t, 1H, J=3.3 Hz), 9.79 (t,
1H, J=1.7 Hz); MS m/z (rel intensity) 172 (M*, 0.1), 101 (14), 85 (66), 71 (100), 56 (18), 41 (34). HRMS
caled for CgH1603: m/z 172.1098. Found: m/z 172.1077. _

Sodium hydride (3.0 g, 75 mmol) was added to a stirred suspension of (4-methoxybenzyl)triphenylphosph-
onium bromide (13.9 g, 30 mmol) in THF (200 mL); the mixture was then stirred overnight at room temperature.
To this mixture was added dropwise a THF solution (100 mL) of 4-(2-tetrahydropyranyl)oxy-butanal (4.21 g, 30
mmol); the mixture was then stirred for 2 h. The mixture was dissolved in diethyl ether (300 mL) and the ethereal
solution was quenched with a saturated NH4Cl solution (20 mL) at 0 °C. The organic phase was washed with
water (20 mLx3) and saturated NaCl solution (20 mL), and then dried over Na2SO4. Filtration and evaporation
of the solvent followed by column chromatography (CHCI3) gave a 71:29 mixuure of (E)- and (Z)-1-O-(2-tetra-
hydropyranyl)-5-(4-methoxyphenyl)pent-4-enol (7.7 g, 93%): IR (neat) 3026, 1654, 1609, 1578, 1510, 1030,
968 cm"1; MS m/z (rel intensity) 276 (M*, 1.5), 174 (31), 147 (25), 85 (100). 1-O-(2-Tetra-hydropyranyl)-5-
(4-methoxyphenyl)pent-4-enol (9.1 g, 15.2 mmol) was treated with p-toluenesulfonic acid (285 mg, 1.5 mmol)
in MeOH (100 mL); the mixture was then stirred at room temperature for 30 min. After evaporation of the sol-
vent, the residue was diluted with diethyl ether (200 mL) and water (20 mL). The mixture was washed with 5%
NaHCO3 solution, water (10 mLx3), and a saturated NaCl solution and then dried over Na2SO4. Filtration and
evaporation of the solvent gave a crude mixture of (E)- and (Z)-5-(4-methoxyphenyl)-pent-4-en-1-ol (4.8 g,
90%). Recrystallization from hexane/CH2Cl2 gave (E)-5-(4-methoxyphenyl)pent-4-en-1-ol (2.9 g, 61%): mp
73.3-75.1 °C; IR (Nujol) 3280, 1605, 1574, 1509, 1243, 1028, 969 cm-1; 1H NMR 51.46 (bs, 1H), 1.74 (m,
2H), 2.28 (q, 2H), 3.79 (t, 2H), 3.79 (s, 3H), 6.08 (di, 1H, J=6.8, 15.6 Hz), 6.36 (d, 1H, J=15.6 Hz), 6.83
(d, 2H, J=8.8 Hz), 7.27 (d, 2H, J=8.8 Hz); MS m/z (rel intensity) 192 M+, 77), 147 (95), 121 (100), 115
(25), 91 (37). HRMS calcd for C12H1606: m/z 192.1151. Found: m/z 192.1138.

A solution of DMSO (1.63 g, 20.8 mmol) in CH2CI2 (5 mL) was added dropwise to a stirred and cooled
(-78 °C) solution of oxalyl chloride (1.32 g, 10.4 mmol) in CH2Cl? (25 mL); the mixture was then stirred for 15
min at -78 °C. To this mixture was added dropwise a solution of (E)-5-(4-methoxyphenyl)pent-4-en-1-ol (1.0 g,
5.2 mmol) in CH2Cl2 (15 mL) at -78 °C; the mixture was stirred for 1 h. After triethylamine (3.16 g, 31.2
mmol) was added to the reaction mixture at -78 °C, it was stirred for 15 min. The mixture was then allowed to
warm to room temperature before adding a 10% aqueous solution of sodium acetate (10 mL). The organic phase
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was separated and the aqueous phase was extracted with CH2Cl2 (5 mLx3). The combined extracts were dried
over Na2SO4. Filtration and evaporation of the solvent gave (E)-5-(4-methoxyphenyl)pent-4-enal (988 mg,
100%): IR (neat) 1723, 1653, 1600, 1511, 1250, 1033, 968, 839 cm-1; IH NMR 52.53 (m, 2H), 2.61 (m, 2H),
3.80 (s, 3H), 6.06 (dt, 1H, J=6.8, 15.6 Hz), 6.37 (d, 1H, J=15.6 Hz), 6.83 (d, 2H, /=8.8 Hz), 7.26 (d, 2H,
J= 8.8 Hz), 9.82 (t, 1H, J=1.5 Hz); MS m/z (rel intensity) 190 (M*, 54), 147 (54), 134 (100), 115 (23), 91
(33). HRMS calcd for C12H140: m/z 190.0994. Found: m/z 190.0993.

To a solution of methylamine hydrochloride (473 mg, 7.0 mmol) in EtOH (15 mL) was added (E)-5-(4-
methoxyphenyl)pent-4-enal (266 mg, 1.4 mmol) and then sodium cyanoborohydride (44 mg, 0.7 mmol). The
mixture was stirred overnight. After evaporation of the solvent, the residue was dissolved in diethyl ether (50
mL) and the ethereal solution was quenched with 4N-NaOH (10 mL). The organic phase was separated and the
aqueous phase was extacted with diethyl ether (3 mLx3). The same treatment of the combined extracts as that in
the preparation of 12a gave (E)-N-methyl-5-(4-methoxyphenyl)pent-4-enylamine (18) (248 mg, 86%): IR (neat)
3318, 1648, 1607, 1501, 1247, 1034, 966, 839 cm-1; 1H NMR 81.59 (bs, 1H), 1.66 (m, 2H), 2.23 (q, 2H),
2.44 (s, 3H), 2.62 (t, 2H), 3.79 (s, 3H), 6.07 (dt, 1H, J=6.8, 15.6 Hz), 6.34 (d, 1H, J=15.6 Hz), 6.83 (d, 2H,
J=8.8 Hz), 7.27 (d, 2H, J=8.8 Hz); MS m/z (rel intensity) 205 (M*, 22), 174 (11), 159 (10), 84 (13), 70 (53),
57 (12), 44 (100). HRMS calcd for C13H19NO: m/z 205.1467. Found: m/z 205.1467.

Anodic Oxidation of Lithium Amide of 18. The electrochemical cell used in this study was an H-
type divided cell. Details concerning the apparatus and the procedure for anodic oxidation have already been
reported.10 To a cooled (-78 °C) solution of 18 (148 mg, 0.72 mmol) in THF (6 mL) was added dropwise BuLi
(0.86 mmol in hexane) under a nitrogen atmosphere. After 10 min of stirring at -78 °C, HMPA (0.2 mL) was
added to the solution, which was then stirred for an additional 5 min. A solution of the lithium amide of 18 was
transferred to an anode chamber containing 0.25 M LiClO4-THF (24 mL; 30 mL as a total volume)/ HMPA (0.1
mL; 0.3 mL as a total volume). The mixture in the anode chamber was electrolyzed at a constant current (17.5
mA/cm2) at -10 °C under a nitrogen atmosphere. The electricity passed was 1.2 Faradays per mol of 18. After
electrolysis, the anolyte was dissolved in diethyl ether (80 mL). The ethereal solution was washed with water (5
mLx3) and a saturated NaCl solution (5 mL), and dried over Na28O4. Filtration and evaporation of the solvent
followed by TLC (CH2Cl2/MeOH /NH40H=200/10/1) gave 1-methyl-2-(4-methoxyphenyl)pyrrolidine (19) (58
mg, 39%, R=0.18): IR (neat) 1612, 1583, 1509, 1250, 1037, 820 cm-!; IH NMR 81.53 (m, 1H), 1.63 (m,
1H), 1.74 (m, 2H), 2.20 (m, 2H), 2.29 (m, 1H), 2.41 (dd, 1H, J=9.5, 13.2 Hz), 2.39 (s, 3H), 3.00 (dd, 1H,
J=3.9, 13.2 Hz), 3.12 (m, 1H), 3.79 (s, 3H), 6.82 (d, 2H, J=8.8 Hz), 7.11 (d, 2H, J=8.8 Hz); MS m/z (rel
intensity) 205 (M*, 0.5), 121 (4), 84 (100); HRMS cacld for C13H19NO: m/z 205.1467. Found: m/z
205.1478.

Anodic Oxidation of Lithium Amide of 12a. The anodic oxidation of 12a was carried out under
the same conditions as those of 18. Thus, to a cooled (-78 °C) solution of 12a (100 mg, 0.3 mmol) in THF (6
mL) was added BuLi (0.36 mmol in hexane). After the solution was stirred for 10 min, HMPA (0.2 mL) was
added to the solution at -78 °C and the mixture was stirred for an additional 5 min. The resulting solution of the
lithium amide of 12a was transferred to an anode chamber containing 0.25 M LiClO4-THF (24 mL)/ HMPA (0.1
mL) and electrolyzed at a constant current (17.5 mA/cmz) at -10 °C. The electricity passed was 1.2 Faradays per
mol of 12a. The electrolyzed mixture was worked up as described for that of 18. The product was subjected to
preparative TLC (CH2Cl2/MeOH/ NH40H= 100/10/1) to give (2R,354S)-2-(4-methoxybenzyl)-3,4-0-bis-
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(methoxymethyl)-1-methylpyrrolidine (20) (53 mg, 53%): IR (neat) 1612, 1514, 1247, 1035, 918 em-l; 1H
NMR §2.38 (s, 3H, NCH3), 2.43 (m, 1H, J=4.4, 4.9, 8.8 Hz, 2a-H), 2.56 (dd, 1H, J=4.9, 10.3 Hz, 5p-H),
2.69 (dd, 1H, J=8.8, 13.7 Hz, benzyl CH2), 3.02 (dd, 1H, J=4.9, 13.7 Hz, benzyl CH2), 3.09 (s, 3H, CH3 of
MOM), 3.09 (d, 1H, J=10.3 Hz, Sa-H), 3.37 (s, 3H, CH3 of MOM), 3.78 (s, 3H, anisyl CH3), 3.84 (d, 1H,
J=4.9 Hz, 4B-H), 3.98 (d, 1H, J=4.4 Hz, 30-H; NOE enhancement (8.2 %) was observed when a multiplet at
02.43 was irradiated), 4.23 (d, 1H, J=6.8 Hz, CH2 of MOM), 4.44 (d, 1H, J=6.8 Hz, CH2 of MOM), 4.68 (d,
1H, J=6.8 Hz, CH2 of MOM ), 4.70 (d, 1H, J=6.8 Hz, CH2 of MOM), 6.83 (d, 2H, J=8.8 Hz, aromatic), 7.18
(d, 1H, J=8.8 Hz, aromatic); MS m/z (rel intensity) 325 (M, 0.1), 204 (100), 121 (33), 110 (31), 82 (35), 45
(69). HRMS calcd for C17H27NOs: m/z 325.1889. Found: m/z 325.1897.

Anodic Oxidation of Lithium Amide of 12b. 3-Alkenylamine 12b (100 mg, 0.3 mmol) was con-
verted to the corresponding lithium amide, and then anodically oxidized in the same manner as that of 12a. The
amine 12b used in this study contained 21% of 12a. The work-up, as described for that of 12a, gave 20 (50
mg, 50 %), whose IR, |H NMR, and mass spectra were completely identical to those of the pyrrolidine 20
obtained from 12a.

(2R,35,45)-3,4-Dihydroxy-2-(4-methoxybenzyl)-1-methyl-pyrrolidine (21). A solution of
20 (669 mg, 2.0 mmol) in MeOH (15 mL)/conc. HCI (2 mL)/H20 (7.5 mL) was heated under reflux for 15 min.
After evaporation of the solvent, the residue was dissolved in CH2CI2 (50 mL). The resulting solution was neu-
tralized with a 5% NaHCO3 solution. The organic phase was separated and the aqueous phase was extracted
with CH2Cl2 (5 mLx3); the combined extracts were then dried over Na2SO4. Filtration and then evaporation of
the solvent, followed by recrystallization of the product from hexane/CHCI3, gave 21 (475 mg, 82%): mp 153-
155 °C; [a]24D +39.1° (c=1.0, MeOH); IR (Nujol) 3332, 1611, 1512, 1243, 1097, 1036, 995 cm-1; 1H NMR
52.7 (bs, 2H), 2.30 (m, 1H, J=4.9, 5.4, 8.3 Hz), 2.34 (s, 3H), 2.62 (dd, 1H, J=4.9, 10.7 Hz), 2.68 (dd, 1H,
J=8.3, 13.7 Hz), 2.93 (d, 1H, J=10.7 Hz), 2.97 (dd, 1H, J=4.9, 13.7 Hz), 3.77 (s, 3H), 3.87 (m, 2H), 6.84
b(d, 2H, J=8.8 Hz), 7.17 (d, 2H, J=8.8 Hz); MS m/z (rel intensity) 237 (M, 0.1), 121 (11), 116 (100), 44 (32).
HRMS caicd for C13H19NO3: m/z 237.1365. Found: m/z 237.1363.
Anal. Caled for C13H19NO3: C, 65.80; H, 8.07; N, 5.90. Found: C, 65.79; H, 8.17; N, 5.98.

(2R,35,45)-3-Hydroxy-2-(4-methoxybenzyl)-1-methyl-4-[(tert-butyldimethylsilyl)oxy]-
pyrrolidine (22). To a solution of 21 (292 mg, 1.2 mmol) in DMF (10 mL) was added imidazole (196 mg,
2.9 mmol) and tert-butylchlorodimethylsilane (217 mg, 1.4 mmol). After 8 h of stirring at room temperature, the
reaction mixture was dissolved in ethyl acetate (50 mL). The solution was washed with a saturated NaCl solution

< (5 mLx$5), and then dried over Na2SQ4. Filtration and evaporation of the solvent followed by subjection to pre-
parative TLC (CH2Cl2/MeOH/NH40H =200/10/1) gave 22 (357 mg, 85%): IR (neat) 3310, 1613, 1513, 1248,
1096, 1039, 836, 776 cm-1; IH NMR 80.07 (s, 6H), 0.90 (s, 9H), 1.45 (bs, 1H), 2.39 (s, 3H), 2.45 (m, 1H),
2.68 (dd, 1H, J=9.3, 13.7 Hz), 2.74 (dd, 1H, J=6.4, 10.5 Hz), 2.96 (d, 1H, J=10.5 Hz), 3.07 (dd, 1H, J=4.9,
13.7 Hz), 3.79 (s, 3H), 3.85 (dd, 1H, J=2.4, 5.4 Hz), 4.04 (dt, 1H, J=2.4, 6.4 Hz), 6.85 (d, 2H, J/=8.8 Hz),
7.17 (d, 2H, J=8.8 Hz); MS m/z (rel intensity) 350 (M*, 0.3), 230 (100), 121 (19), 98 (17), 73 (29). HRMS
calcd for C19H33NO3Si: m/z 351.2230. Found: m/z 351.2244.
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(2R,35,45)-3-Acetoxy-2-(4-methoxybenzyl)-1-methyl-4-[(tert-butyldimethylsilyl)oxy]-
pyrrolidine (23). A mixture of 22 (493 mg, 1.4 mmol) and acetic anhydride (0.5 mL) in dry triethylamine (5
mL) was stirred at room temperature for 8 h. After evaporation of triethylamine and acetic anhydride in vacuo,
the residue was dissolved in diethyl ether (100 mL). The ethereal solution was washed with water (10 mLx3) and
a saturated NaCl solution (10 mL), and then dried over Na2SO4. Filtration and evaporation of the solvent fol-
lowed by subjection to preparative TLC (CH2Cl2/MeOH=30/1) gave 23 (552 mg, 90%) as an oil: IR (neat)
1742, 1614, 1514, 1248, 1038, 835, 779 cm-1; IH NMR 80.06 (s, 3H, SiCH3), 0.08 (s, 3H, SiCH3), 0.89 (s,
9H, SiC(CH3)), 1.82 (s, 3H, COCH3), 2.37 (s, 3H, NCH3), 2.59 (m, 1H, 20-H), 2.67 (dd, 1H, J=5.4, 10.3
Hz, 58-H), 2.75 (dd, 1H, J=8.8, 13.7 Hz, benzyl CH2), 2.97 (dd, 1H, J=5.9, 13.7 Hz, benzyl CH2), 3.02 (d,
1H, J=10.3 Hz, 5a-H; NOE enhancement (15.3%) was observed when a double-doublet at $2.67 was irrad-
iated), 3.77 (s, 3H, anisyl CH3), 4.05 (d, 1H, J=5.4 Hz, 4B-H; NOE enhancement (9.1%) was observed when
a double-doublet at 82.67 was irradiated), 4.89 (d, 1H, J=3.9 Hz, 3a-H; NOE enhancement (4.6%) was observ-
ed when a multiplet at §2.59 was irradiated), 6.81 (d, 2H, J=8.3 Hz, aromatic), 7.13 (d, 2H, J=8.3 Hz, aromat-
ic); MS m/z (rel intensity) 394 (M, 0.2), 336 (8), 272 (62), 140 (5), 121 (27), 98 (100), 75 (17), 73 (18).
HRMS calcd for C21H35N04Si: m/z 393.2336. Found: m/z 393.2316.

(+)-N-Methylanisomycin (1a). To a cooled (0 °C) and stirred solution of 23 (274 mg, 0.7 mmol) in
THF (lolmL) was added a 1.0 M solution of tetrabutylammonium fluoride in THF (2.5 mL, 2.5 mmol). The
mixture was stirred at 0 °C for 30 min and then at room temperature for an additional 8 h . The reaction mixture
was dissolved in diethyl ether (80 mL); the ethereal solution was washed with H20 (5 mLx3) and a saturated
NaCl solution (5 mL), and then dried over Na2SO4. Filtration and evaporation of the solvent followed by sub-
jection of the product to preparative TLC (CH2Cl2/MeOH/NH3=100/10/1) gave 1a (146 mg, 75%). Recrystal-
lization from hexane/ether gave a pure (+)-N-methylanisomycin (1a): mp 79-81 °C; (a])24p +65.1° (c=1.0,
MeOH); IR (Nujol) 3078, 1742, 1612, 1514, 1248, 1029, 827 cm-1; 1H NMR 81.83 (bs, 1H, OH), 1.87 (s,
3H, COCH3), 2.37 (s, 3H, NCH3), 2.45 (m, 1H, J=5.4, 5.9, 7.3 Hz, 2a-H), 2.55 (dd, 1H, J=5.5, 10.7 Hz,
5B-H; NOE enhancement (3.9%) was observed when a doublet at 53.88 was irradiated), 2.74 (dd, 1H, J=7.3,
13.7 Hz, benzyl CH3), 2.99 (dd, 1H, J=5.4, 13.7 Hz, benzyl CH2), 3.78 (s, 3H, anisyl CH3), 3.88 (d, 1H,
J=5.4 Hz, 4B8-H), 4.57 (4, 1H, J=5.9 Hz, 3a-H; NOE enhancement (4.1%) was observed when a multiplet at
82.45 was irradiated), 6.82 (d, 2H, J=8.3 Hz, aromatic), 7.13 (d, 2H, J=8.8 Hz, aromatic); MS mjz (rel inten-
sity) 279 (M*, 0.1), 158 (64), 121 (14), 98 (100), 43 (15). HRMS calcd for C15H21NO4: m/z 279.1470.
Found: m/z 279.1494.

Anal. Calcd for C15H21NO4: C, 64.50; H, 7.58; N, 5.01. Found: C, 64.66; H, 7.76; N, 5.05.
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